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Description 

This Invention concerns a method and 
apparatus for processing particulate matter. 

Processes in which particulate matter to be 
processed is enveloped in a heated bed of particu- 
late material for thermal treatment have been 
available for a number of years. 

Currently, such processes are carried out in 
apparatus commonly known as a fluidised bed 
furnace. A conventional fluidised bed furnace 
comprises a housing providing a processing 
chamber which Is partially filled with refractory 
particles. The floor of the chamber constitutes a 
perforate plate and, in use, a mixture of gas and 
combustion arr is forced up through this plate. As 
a result, the particles in the chamber are 
supported and form a turbulent mass resembling 
a boiling liquid. This Is the "fluidised bed". Heat- 
ing of the bed is effected either by combustion of 
the gas/air mixture below the plate before it 
enters the chamber, or by internal combustion of 
this mixture within the bed. 

Matter to be processed is supplied into the bed 
and mixes with the heated particles by virtue of 
the turbulence of the bed. Such matter is thus 
brought into intimate contact with the heated 
particles and, in this environment, is effectively 
heated and at the same time undergoes proces- 
sing. After treatment, the processed matter is 
extracted from the bed. 

In theory, the fluidised bed just described pro- 
vides an effective heat transfer meciianism which 
offers benefits in a variety of thermal processing 
systems. 

In practice, however, the application of fluidised 
bed furnaces has been limited because of difficul- 
ties over regulating the temperatures and transfer 
of heat inside the bed, and problems in separating 
the products of certain thermal processes from 
the bed at the appropriate moment. 

Such drawbacks have various causes: 

The application of heat to the bed is at least to 
some extent localised. And, because the bed as a 
whole remains static and fluldisation is achieved 
by a vertical flow of the gas/air mixture within the 
processing chamber, the lateral movement of the 
bed particles Is random. Consequently, the trans- 
fer of heat to some regions of the bed may be 
limited with the result that a non-uniform heat 
distribution is obtained within it. 

Also, the random movement of the particles 
tends to give rise to uneven horizontal mixing of 
the particles and matter to be processed which 
affects the exchange of heat between the two. 

Further, the currents inside the bed may active- 
ly oppose or hinder the extraction of processed 
matter; when solids are among the products of 
the process. Since these currents have no fixed 
direction, the solids will not naturally be made to 
migrate to any particular area of the processing 
chamber for removal, nor will they have a natural 
tendency to separate from the particles in the bed 
when they are ready for extraction. Therefore, 
control of the withdrawal of solid products from 


the chamber and their retention time within the 
bed tends to be uncertain. 

Not only do these factors make for inefficien- 
cies In operation but also they render the furnace 
5 unsuitable for applications where the control of 
temperature or retention time for solids is critical. 

The present invention relates to a process in 
which particulate matter to be processed is made 
to circulate, preferably with and within a turbulent 
10 mass of second particulate material, about an axis 
of a processing chamber during treatment. A 
centrifugal effect is thus created which may be 
combined with the effects of gravity and a flow of 
fluid through the processing chamber to generate 
15 an environment where the treatment of matter 
and its extraction from the chamber after proces- 
sing can be readily controlled. 

Accordingly, one aspect of the invention 
features a method for processing particulate mat- 
20 ter, comprising: 

generating a circumferentially directed flow of 
fluid within a processing region; 

supplying particulate matter to be processed 
into the processing region; 
25 processing the particulate matter within the 
flow of fluid; 

withdrawing processed matter from the proces- 
sing region; and 
characterised by causing the flow of fluid to 
30 swiri within the processing region and employing 
the swiriing flow of fluid to cause the particulate 
matter to assume a compact turbulent band and 
circulate about an axis of the processing region. 
By virtue of the invention, each particle travels 
35 to and fro inside the processing chamber along 
the full length of the compact band and uniform 
processing conditions may be obtained. 

More especially, by means of the invention, 
particulate matter to be treated may be embed- 
40 ded and centrlfugally retained within a compact 
but turbulent toroidal band of further particles 
which are circulating about the axis of the proces- 
sing chamber. There, the matter is processed and 
when processing is complete the products are 
45 automatically separated from the processing par- 
ticulate material by entrainment in a flow of fluid 
leaving the mass. 

In other words, the present invention is particu- 
lariy applicable to the treatment of matter whose 
50 response to forces such as gravity and centrifugal 
action varies on processing. 

The method may involve providing second 
particulate material within said processing 
region; 

55 employing said flow of fluid to cause the 
second particulate material to assume a compact 
turbulent band and to circulate about an axis of 
the processing region; 
supplying the first mentioned particulate matter 

60 to be processed into said second particulate 
material; 

processing said first mentioned particulate mat- 
ter within said second particulate material, and 
withdrawing processed matter from said 
65 second particulate material. 


2 


3 


0 068 853 


4 


The motions of the particles within the second 
particulate material are determined by the com- 
bined effects of the fluid flow, gravity, and the 
centrifugal forces created by the swirling of the 
fluid, and the result is a thorough and continuous 
mixing of these particles and matter to be pro- 
cessed, on the supply of such matter into the 
band of particles. Consequently, a very efficient 
processing operation may be achieved using only 
a shallow band of particles. 

An important aspect of the invention is the 
construction of the apparatus in&which the 
method may be performed. According to this 
aspect of the present invention we provide 
apparatus for processing particulate matter, said 
apparatus comprising: 

means defining a substantially annular proces- 
sing region for receiving said matter; 

means for supplying a flow of fluid into and 
through the processing region; 

means for directing the flow of fluid generally 
circumferentially of the processing region, and 

means for admitting particulate matter to be 
processed to the processing region and for the 
exit of processed matter from the processing 
region; 

characterised in that said defining means is 
configured to maintain the particulate matter 
substantially in a compact turbulent band within 
the processing region in response to the flow of 
fluid therein in use. 

This construction is also designed to promote 
the formation of a turbulent circulating mass of 
further particles in operation and to encourage 
natural separation from the mass of particulate 
matter when processed. 

In accordance with this embodiment of the 
invention, processing apparatus comprises: 

means defining a substantially annular proces- 
sing chamber which is radially inwardly enlarged 
In a region between its axial limits; 

an inlet or inlets for admitting a flow of fluid and 
matter to be processed to said processing 
chamber; 

means for directing said flow of fluid generally 
circumferentially of said processing chamber to 
cause matter to be processed to circulate around 
said processing chamber for processing; and 

an outlet or outlets for said flow of fluid and for 
processed matter. 

More especially, the means defining the sub- 
stantially annular processing chamber may in- 
clude a central, flow-regulating, structure which 
defines a radially inner wall of the chamber and 
which is formed with a waist providing the 
radially inwardly enlarged region. 

There are numerous applications for the 
present invention, both in thermal processing and 
in chemical processing, and also in other fields 
such as grinding. For example, it may be em- 
ployed in thermal processes including the gasifi- 
cation of solid fossil fuels and the expansion of 
e.g. leca, periite, sand and vermiculite. It also has 
application in the drying of matter by heat, in the 
grinding of matter, and in the mixing of matter. 


The invention is described further, by way of 
example, with reference to the accompanying 
drawings, in which: 

Figure 1 is an elevation, partly in section, of a 
5 first embodiment of apparatus according to the 
invention; 

Figure 2 is a fragmentary view of the same 
apparatus, again partly In section, showing in 
greater detail a processing chamber illustrated in 
w Figure 1; 

Figure 3 is an elevation, partly in section, of a 
further embodiment of apparatus according to 
the invention; 

Figure 4 is a fragmentary perspective view 
1$ showing a detail of the apparatus of figure 3; 

Figure 5 is a plan section through a further 
embodiment of apparatus according to the inven- 
tion; 

Figure 6 is a vertical section through the 
20 apparatus of figure 5; and 

Figure 7 is a flow diagram of a process for 
expanding periite employing the present inven- 
tion. 

Referring initially to figures 1 and 2, these show 

25 apparatus according to the present invention 
which, in this Instance, is employed as an expan- 
sion furnace in the expansion of periite. 

The furnace comprises a generally tubular 
housing 10 arranged with its axis vertical. A 

30 central structure 12 within the housing co- 
operates with it to define an annular processing 
chamber 14 and a fluid flow path 16 passing 
through the chamber 14. The flow path 16 has a 
lower section 18 for supplying a mixture of gas 

35 and combustion air upwardly into the annular 
chamber 14, and an upper section 20 for carrying 
exhaust fluid away from an upper region of the 
chamber 14. 
As shown in figures 1 and 2, the lower section 

40 18 of the flow path 16 is defined by a funnel- 
shaped portion 22 of the housing 10 and a conical 
portion 24 of the central structure 12, both of 
which widen towards the annular chamber 14. 
Consequently, the flow cross-section, which is 

45 circular at the narrower end of the housing por- 
tion 22, Is annular in the vicinity of the annular 
processing chamber 14. This annular flow cross- 
section is arranged to decrease in area towards 
the chamber 14. 

so Within the narrower end of the housing portion 
22, there is a burner 26, Combustion air is sup- 
plied through the narrower end of the housing 
portion 22 in use and, mingling with gas from the 
burner 26, flows upwardly to the annular proces- 

55 sing chamber 14. As a result of the decreasing 
section of the flow path, the velocity of the fluid 
speeds up as it approaches this chamber. 

Entry of the fluid into the chamber 14 is effected 
through an annular inlet opening 28 which is co- 

60 extensive with the region of the flow path 16 at 
the upper end of its lower section 18. 

A plurality of vanes 30 are disposed in the inlet 
opening to impart rotational motion to the fluid 
flow entering the chamber 14 so that the fluid 

65 circulates about the axis of the chamber as it 
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rises. These vanes form part of a circular disc 32 
which rests in the upper end of the housing 
portion 22 and supports the central structure 12 
inside the housing 10, being mounted between 
the conical portion 24 and the remainder of the 
central structure 12. The vanes lie around the 
periphery of the disc 32 and are simply angled 
away from the remainder of the disc about 
generally radially extending lines in the plane of 
the disc (see figure 2). As illustrated, each vane 30 
spans the inlet opening 28 in the radial direction, 
and the vanes are equispaced about the opening 
28 so that the supply of fluid to the chamber 14 is 
substantially evenly distributed around it 

This Is an important feature of the apparatus. 

The chamber 14 itself is defined between a 
cyfindrical portion 34 of the housing 10 and a 
waisted portion 36 of the central structure 12. By 
virtue of the waist 38 in the portion 36 of the 
structure 12, the chamber 14 is radially inwardly 
enlarged in a region between its axial ends. 
Accordingly, the vertical component of the fluid 
flow passing through the chamber 14 is subject 
first to a decrease and then to an increase in 
velocity during the passage of the fluid. 

The combined effects of the inclined vanes in 
the inlet opening 28 and the waist 38 in the central 
structure 12 on the fluid travelling along the path 
16 results in a highly turbulent swirling flow in the 
chamber 14. 

At the upper end of this chamber, there is an 
annular outlet opening 40 which is co-extensive 
with the region of the flow path 16 at the lower 
end of its upper section 20. This upper section 20 
of the flow path 16 Is provided by an inverted 
fiinnef shaped portion 42 of the housing 10 and a 
further conical portion 44 of the central structure 
12. The facing surfaces of the housing portion 42 
and the conical portion 44 of the central structure 
are substantially parallel and converge away from 
the chamber 14. Thus, these members define an 
annular region in the flow path of decreasing 
cross sectional area in which the velocity of the 
fluid increases as the flow departs from the 
chamber 14. 

One or more inlet openings to the chamber 14 
are also provided in the wall of the cylindrical 
housing portion 34. A chute 48, from for example 
a hopper (not shown), leads to the or each inlet to 
supply firstly refractory particles and sub- 
sequently peHlte to the chamber 14. 

Operation of the apparatus is as follows: 

A rising flow of heated fluid Is generated within 
the lower section of the flow path 16 by supplying 
combustion air through the narrower end of the 
housing portion 22, supplying gas to the burner 
26, and initiating combustion in the vicinity of the 
burner 26. The velocity of the fluid increases as it 
approaches the chamber 14. 

On encountering the vanes 30, the heated fluid 
is deflected into the chamber 14 and caused to 
rotate about the chamber's axis whilst still rising. 
The fluid swirls around the chamber 14 in a 
turbulent fashion and then exhausts from the 
chamber through the annular outlet opening 40. 


Particulate material is injected into the chamber 
14 by way of the chute or chutes 48 and, under the 
influence of fluid in the chamber 14, becomes a 
turbulent mass heated by the fluid. The turbulent 

5 mass assumes the form of a compact toroidal 
band 50 within which the particles circulate. 

Complex flows occur within this band underthe 
combined effects of gravity, centrifugal action 
and gaseous flow, and the particles circulate both 

70 around the axis of the chamber 14 and to and fro 
within the compact toroidal band 50. 

Although the theory behind the motion of the 
turbulent mass 50 has not yet been fully de- 
veloped, it is believed that the circulation occur- 

is ring within the turbulent mass as a first com- 
ponent flow and in some instances, but not all, 
also a second component flow. 

These two component flows are Illustrated In 
figures 1 and 2 by arrows, 

20 The first component flow is in the close vicinity 
of the wall of the cylindrical housing portion 34. 
Particles are lifted up against this wall by the 
rising flow of gas, and in the upper regions of the 
turbulent mass, tumble inwardly remaining close 

2S to the wall. At the same time, the particles are 
displaced circumferentially by the rotational 
movement of the fluid in the chamber. 

The particles which circulate according to the 
second component flow follow a path which is 

30 directed inwardly and upwardly from the inlet 
opening with the entering fluid. As they reach the 
innermost edge of the compact toroidal band 50, 
centrifugal forces take over and urge them 
generally outwardly again. The particles move 

35 outwardly, and also circumferentially, until they 
meet and merge with the particles in the first 
component flow. At this point, gravity dominates 
and the particles drop to the bottom of the bed for 
recirculation. 

40 Observation of the mass compact toroidal band 
50 during testing suggests that this is what occurs 
within it, although the precise paths of the par- 
ticles have not been determined. 
It is thought that by appropriate adjustment of 

45 the velocity of the fluid flowing into the chamber 
14 and the positioning of the vanes 30, the 
circulation of particles within the chamber 14 can 
be modified so that the first component flow 
predominates and the second disappears almost 

so altogether. Then, the particles would flow up the 
outside of the mass 50, circumferentially and 
downwardly in the upper region of the mass to its 
inner area, and finally outwardly and circumferen- 
tially to repeat the cycle. 

55 In any event, the motion of the particles in the 
compact toroidal band 50 causes very thorough 
mixing and a uniform distribution of heat 
throughout the band. 
Once the compact toroidal band 50 has 

60 acquired a sufficiently high temperature, periite is 
supplied to the chamber 14 by way of the chute or 
chutes 48. The periite drops into the turbulent 
band and is held embedded there by gravity 
acting on it, whilst it mixes with the particles and 

65 is heated. 
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On heating, the perlite expands and becomes 
increasingly influenced by the rising flow of 
fluid passing through the chamber 14 due to 
change in density. As a result, the perlite has a 
tendency to migrate generally upwardly to the 
top of the turbulent mass with the fluid flow. 
Here, it Is located towards the axial centre of the 
chamber 14 where the vertical velocity of the 
fluid is starting to increase. The perlite becomes 
entrained in the fluid and is lifted towards the 
annular outlet 40 at an Increasing rate, being 
expelled from the chamber 14 with the exhaust 
fumes. 

The apparatus has two significant advantages. 
Firstly, the high degree of turbulence within the 
compact toroidal band 50 and the circulation of 
the particles throughout the chamber 14 in the 
circumferential direction gives rise to a uniform 
temperature distribution within the mass and a 
very efficient transfer of heat between the par- 
ticles, fluid and the perlite. Secondly, the fully 
expanded perlite separates naturally and auto- 
matically both from the circulating mass and 
from matter yet to be fully processed. 

A further and preferred embodiment of the 
invention is illustrated in figures 3 and 4. Al- 
though the construction of the apparatus shown 
In these figures differs from that already 
discussed, the principle of operation is the 
same. 

This embodiment features a housing 100 con- 
taining a central structure 102, and defining with 
this structure an annular processing chamber 
104 through which a fluid flow path 106 extends 
vertically. 

As before, the central structure 102 Is waisted, 
providing a radially inwardly enlarged region in 
the chamber 104 between its axial limits. An 
annular inlet opening 108 for fluid is situated at 
the base of the chamber 104 and contains a 
plurality of overlapping vanes 110. Also, the 
chamber constricts upwardly towards an annu- 
lar outlet opening 112 for exhaust fluid and 
expanded perlite. 

Lower portions 114, 116 of the housing 100 
and central structure 102 respectively, together 
define a lower section 118 of the flow path 106. 
This lower section 118 of the flow path 106 is 
generally annular and decreases in cross-section 
as it approaches the chamber 104. Combustion 
air is supplied into the lower region of this 
lower section 118 of the flow path 106 where a 
burner 120 bums the air with the gas to gener- 
ate a heated flow of fluid rising into the 
chamber 104. 

On entering the chamber, the heated fluid is 
deflected circumferentially by the vanes 110, 
and within the chamber it swirls and becomes 
turbulent by virtue of the waist 122 in the cen- 
tral structure 102. 

In these respects, the apparatus illustrated in 
figures 3 and 4 is substantially the same as that 
of figures 1 and 2. 

The present embodiment differs from the pre- 
ceding one chiefly in the arrangement by which 


particulate material and perlite are supplied to 
the processing chamber, and additionally in the 
design of the support structure for the vanes 
and the exhaust section of the flow path 106. 

5 In this case, the furnace features a continuous 
annular inlet opening 124 for the particulate 
material and, later, the periite, which is situated 
In the central structure 102 at its waist 122. 
Particulate material and perlite are supplied to 

w this opening 124 by way of a chute 126, and a 
distribution arrangement 128 located intemally 
of the central structure 102. 

More especially, the central structure 102 is 
divided into two separate parts in the present 

fs instance. These comprise a lower part 130 
which includes the lower portion 116 of the 
structure 102, and an upper part 132. Both parts 
are supported by and fixed relative to the 
housing. 

20 The lower part 130 includes a support 134 for 
a rotatable disc 136 and a motor 138, the niotor 
being operable to rotate the disc. The disc 136 
has a central bump 140 as shown in figure 3, 
and its periphery coincides with the upper edge 

25 of a substantially frustoconical outer wall 142 
of the lower part 130. A portion of the wall 

142 serves as the lower portion of the radially 
inner wall of the chamber 104 below the waist 
122. 

30 The upper part 132 of the central structure 102 
serves to support the chute 126 above the bump 
140 in the disc 136, and has a frustoconical wall 

143 providing the upper portion of the radially 
Inner wall of the chamber 104 above the waist 

35 122. 

In use, the disc 136 is set into motion by the 
motor 138, and particulate material is supplied 
into the chute 126. The particles drop onto the 
bump 140 and are flung outwardly towards the 

40 periphery of the disc 136. 

From the disc periphery, the particles fall 
downwardly over the wall 142 in a thin curtain 
into the chamber 104. Thus, the particles are 
uniformly distributed around the chamber 104. 

45 Heated fluid is driven upwardly into the 
chamber 104, and the particles form a heated 
turbulent toroidal mass behaving in the manner 
described in relation to figures 1 and 2. 
Then, the periite is injected into the chamber 

50 104 by way of the chute 126 and rotating disc 
136. Like the particulate material, the perlite falls 
as a thin curtain into the chamber 104 and is 
evenly distributed around the chamber. This 
promotes particularly efficient mixing of the per- 

55 lite with the turbulent mass. 

Turning to figure 4, this shows the vane struc- 
ture of the present embodiment which serves to 
deflect fluid entering the chamber 104 in a cir- 
cumferential direction. The vane structure com- 

50 prises an inner ring 144 forming part of the 
lower part 130 of the central structure 102, and 
an outer ring 146 forming part of the housing 
100. The two rings 144, 146 face one another 
and have regularly spaced slots 148 in their 

65 opposed faces. The slots 148 are arranged in 
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corresponding pairs, one in each ring 144, 146 
and are inclined in relation to the plane surfaces 
of these rings. A respective vane 150 Is fitted into 
each corresponding pair of slots. 

As illustrated, the vanes thus overlap to a 
significant extent and define narrow flow 
passages 151 between one side of the vane 
structure and the other. 

• This promotes a clean flow In the fluid entering 
the chamber 104. Such controlled flow assists in 
supporting the turbulent toroidal mass above the 
vanes 110 and In inhibiting particles from falling 
through the vanes into the lower section 118 of 
the flow path 106. 

The exhaust section of the flow path 106 is 
arranged as follows: 

At the upper end of the chamber 104, the flow 
path 106 is directed radially into a scroll shaped 
upper portion 152 of the housing 100, which is 
hollow. The expanded perlite leaving the 
chamber 104 is flung outwardly into this upper 
portion 152 and flows round it to an outlet {not 
shown) at its outermost end. The swirling motion 
of the fluid and expanded perlite leaving the 
chamber 104 assists in carrying the particles to 
the outlet 

This embodiment of the Invention is particu- 
larly advantageous for a number of reasons. Each 
opening into and out of the chamber 104 em- 
braces its full circumference so that the supply of 
fluid and other matter into the chamber and the 
exhaust of products from the chamber occurs 
uniformally over its entire operational extent. 
Efficient processing is a natural consequence of 
this. Another advantage lies in the construction 
and arrangement of the vanes 110 as mentioned 
above. 

Referring to the apparatus of Figures 5 and 6, 
this comprises an outer housing 200. The housing 
200 defines a combustion chamber 202 and a 
heating chamber 204. Within the chamber 204, 
there is a processing chamber 206 formed by a 
shallow, roughly cylindrical, hollow body 208. 

The housing 200 is arranged to contact the 
body 208 at top and bottom, but so that a helical 
flow path 210, leading from the combustion 
chamber 202, is provided between the housing 
200 and the circumferential wall 212 of the body 
208. The path 210 leads to an inlet opening 214 In 
the wall 212 as shown. 

Gas and combustion air are supplied in use to 
the chamber 202 where combustion takes place, 
and the fluid then circulates around the circumfer- 
ence of the body 208 before entering the proces- 
sing chamber 206. The exterior of the body 208 is 
thus heated and, to promote an even temperature 
along the wall 212, a plurality of annular ribs 216 
are provided. The body 208 and ribs 216 are 
formed mainly from a material such as cast iron 
or ceramic. 

The hot gas enters the processing chamber 206 
in a generally tangential manner through the inlet 
214 and, thereafter, initially tends to follow the 
interior of the wall 212 round the chamber. The 
fluid is then exhausted from the chamber 206 


through an outlet 218 formed in the top of the 
body 208 in Its axial direction. 

An additional inlet 220 extends into the 
chamber 206 through the top of the body 208 and 

5 the adjacent wall of the housing 200. This inlet 
220 serves initially for supplying particulate 
material and subsequently for Injecting perlite 
into the chamber 206. The inlet 220 is arranged 
radially inwardly of the wall 212 so as to direct the 

10 particulate material and the perlite tangentlally of 
the chamber. 

In operation, heated fluid is caused to flow 
round the exterior and then the interior of the wall 
212 before being exhausted through the outlet 

IS 218. Particulate material Is supplied into the 
chamber 206 and, under the Influence of the fluid 
flow, hugs the inside of the wall 212 and Is caused 
to flow in a turbulent manner about the annular 
exterior region of the processing chamber 206. 

20 The fluid rotating about the axis of the chamber 
206 causes this turbulent mass to rotate and to be 
urged continually outwards against the wall 212 
and the mass, therefore, forms a compact toroidal 
band 222. 

2S This band 222 is heated both by the transfer of 
heat through the wall 212 and by the heat of the 
fluid circulating within the chamber 206. 

When periite is added to the chamber 206, it is 
flung forcefully outwards against and into the 

30 turbulent band 222 and is heated therein. As the 
perlite expands, it tends to work Its way towards 
the Inner edge of the band 222 and it becomes 
entrained In the flow of fluid passing to the outlet 
218. 

35 The fluid and expanded periite are exhausted 
from the chamber together. 

A process for expanding periite employing the 
present invention is shown diagrammatically in 
figure 7. 

40 A supply of periite in its natural condition is fed 
to a drier and a pre-treatment chamber in a 
conventional manner. In the pre-treatment 
chamber, the perlite is heated to a temperature of 
250 degrees to 300 degrees centigrade, in pre- 

45 paration for insertion into the expansion furnace 
according to the invention. 

Gas and combustion air are provided from 
supplies of the same and are impelled into the 
expansion unit where they are combusted to 

so achieve an Internal temperature in the range of 
900 degrees to 1100 degrees centigrade. The 
periite added into the expansion furnace is thus 
heated and expanded to form insulating material. 
A stream of hot exhaust fluid carrying the 

55 expanded periite and products of combustion is 
expelled from the expansion furnace into a heat 
recovery unit where heat is withdrawn and redi- 
rected to the pre-treatment chamber for initial 
heating of the periite and to the combustion air 

$0 supply for pre-heating this air. 

The cooled exhausts from the expansion fur- 
nace then pass to a cyclone for separating the 
expanded periite from the fluid and any small 
contaminant particles. 

66 The fluid is expelled into the atmosphere by 
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way of a filter for collecting such particles, and the 
expanded perlite is conveyed, by way of an 
additional cooler, to packaging apparatus. 

Vermiculite can also be expanded in any of the 
furnaces illustrated in figures 1 to 6 and by the 
system shown in figure 7. 

Other applications for the invention include the 
gasification of solid fossil fuels. 

In this instance, one of the two furnaces de- 
scribed with reference to figures 1 to 4 is prefer- 
ably used and instead of arranging for connbus- 
tion of the gas/air mixture to take place in the 
lower section of the flow path and below the 
vanes in the inlet to the processing chamber, the 
mixture is ignited within the turbulent mass in the 
chamber. 

The apparatus described may also be employed 
for grinding purposes. The fluid supplied to the 
processing chamber may or may not then be 
heated but the rate of flow must be controlled to 
ensure very rapid circulation of the particulate 
material in the turbulent mass. Then, when matter 
to be processed is supplied to the chamber and 
becomes embedded in the particulate mass, the 
frictlonal forces generated by the rapid turbulent 
motion of the particles abrades the matter to be 
processed and can reduce it to a fine powder. 

In experimental testing of the apparatus shown 
in figures 1 to 4, it has been found that, in fact, 
processing of certain matter, for example perlite 
and vermiculite, will occur In the absence of the 
toroidal band of particulate material. Then, on 
insertion Into the processing chamber, the matter 
to be processed itself forms a turbulent toroidal 
band which is processed, as by heating, simply by 
the swirling flow of fluid. The overall operation Is 
not so efficient but nevertheless processing can 
be achieved. 

As has been mentioned previously, although In 
the described embodiments combustion of the 
gas and air is effected outside the processing 
chamber, this is not essential. Combustion can be 
made to take place within the chamber if desired. 

Various modifications can also be made in the 
construction of the apparatus. 

For example, instead of forming the waist in the 
central structure in the manner illustrated in 
figures 1, 2 and 3 by arranging two frustoconical 
wall portions of this structure in inverted relation 
and thereby defining a precisely angled corner in 
the processing chamber, the waist may be de- 
fined by a radially inwardly curved wall portion of 
the central structure. Also, it should be noted that 
where the waist is defined by frustoconical wall 
portions of the central structure, the cone angles 
of each may be either the same or different. 

Alternative arrangements for the vanes of the 
two furnaces shown in figures 1 to 4 are also 
possible. In these two embodiments, each vane is 
Inclined only about a radially extending line. 
However, each vane may be lifted at its outer 
edge as well so that it is inclined both in the 
generally circumferential direction of the annular 
inlet opening for fluid and in the generally radial 
direction. This would result in a change in the 


particle flows within the turbulent toroidal mass 
but would still generate a high degree of mixing 
of the particles. 
A further modification resides in the provision 

5 of an additional outlet at or adjacent the lower 
end of the annular processing chamber in the 
furnaces of figures 1 to 4. For example, referring 
to figure 1, the cylindrical portion 34 of the 
housing 10 may be somewhat enlarged relative to 

10 the wider end of the housing portion 22 and a 
substantially annular opening may be created at 
the lower outer edge of the processing chamber 
14. Any relatively heavy matter or particles in the 
circulating band of particulate material will have a 

15 tendency to gravitate to this region and will 
consequently drop from the chamber 14. The 
construction of the furnace shown in figure 3 may 
be altered In a similar manner. Such arrange- 
ments are advantageous for separating relatively 

20 heavy particles of processed or waste matterfrom 
the toroidal band in a manner which does not 
block the annular inlet opening to the processing 
chamber. Consequently, these arrangements may 
be useful, for example, in instances where the or 

25 some of the processed matter is too heavy to be 
easily extracted from the processing chamber by 
entrainment In the exhaust flow of gas or where 
the supply of matter to be processed is contami- 
nated. 

so The described constructions make for compact, 
and therefore easily insulated, apparatus. A stable 
temperature may be obtained within the proces- 
sing chamber and thorough mixing of matter to 
be processed and particles in the turbulent mass 

35 occurs. The retention time of matter being pro- 
cessed in the turbulent mass can also be 
accurately determined to obtain the optimum 
results. Consequently, efficient processing can be 
realised in a practical manner. 

40 

Claims 

1. Apparatus for processing particulate matter, 
said apparatus comprising: 

45 means (10, 12; 100, 102) defining a substantially 
annular processing region (14; 104) for receiving 
said matter; 

means (16; 106) for supplying a flow of fluid 
into and,through the processing region (14; 104); 

SO means (30; 110) for directing the flow of fluid 
generally circumferentially of the processing 
region (14; 104), and 

means (46, 40; 124, 112) for admitting particu- 
late matter to be processed to the processing 

55 region and for the exit of processed matter from 
the processing region (14; 104); 

characterised in that said defining means (10, 
12; 110, 102) is configured to maintain the particu- 
late matter substantially in a compact turbulent 

$0 band within the processing region (14, 104) in 
response to the flow of fluid therein in use. 

2. Apparatus according to claim 1 characterised 
by a structure (10, 12; 100, 102) containing the 
processing region and providing a radially outer 

65 wall (34) and a radially inner wall (36) and defin- 
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ing a substantially annular processing channber 
(14; 104) therebetween. 

3. Apparatus according to claim 2 charac- 
terised in that the processing chamber (14, 104) 
expands radially inwardly in a direction away 
from the directing means (30; 110). 

4. Apparatus according to claim 2 or claim 3 
characterised in that the radially inner wail (36) is 
formed with a waist (38; 122). 

5. Apparatus according to claim 4 charac- 
terised in that the radially inner wall (36) com- 
prises two frusto-conical sections which are in- 
verted relative to one another to define the waist 
(38, 122). 

6. Apparatus according to any of claims 2 to 5 
characterised tn that the radially outer wall (34) is 
substantially perpendicular to the base of the 
processing chamber (14; 104). 

7» Apparatus according to any preceding claim 
characterised in that the directing means com- 
prise a plurality of outwardly radiating, inclined, 
vanes (30; 110) arranged around the base of the 
processing region (14; 104). 

8. Apparatus according to claim 7 charac- 
terised in that the vanes (30; 110) are arranged in 
overiapping relationship. 

9. Apparatus according to any preceding claim 
characterised in that the means for admitting 
matter to the processing region comprises an 
annular inlet opening (124). 

10. Apparatus according to claim 9 when de* 
pendent from claim 4 characterised in that the 
annular inlet opening is located in the radially 
inner wall at the waist (122). 

11. Apparatus according to any preceding 
claim characterised in that the means for the exit 
of processed matter from the processing region 
(14; 104) comprise an annular outlet opening 
(40; 112) at an upper end of the processing 
region (14, 104). 

12. A method for processing particulate matter, 
comprising: 

generating a circumferentially directed flow of 
fluid within a processing region (14; 104); 

supplying particulate matter to be processed 
into the processing region; 

processing the particulate matter within the 
flow of fluid; 

withdrawing processed matter from the pro- 
cessing region; and 

characterised by causing the flow of fluid to 
swiri within the processing region and employ- 
ing the swiriing flow of fluid to cause the particu- 
late matter to assume a compact turbulent band 
and circulate about an axis of the processing 
region. 

13. A method according to claim 12 charac- 
terised by: 

providing second particulate material within 
said processing region; 

employing said flow of fluid to cause the 
second particulate material to assume a compact 
turbulent band and to circulate about an axis of 
the processing region; 

supplying the first mentioned particulate mat- 


ter to be processed into said second particulate 
material; 

processing said first mentioned particulate 
matter within said second particulate material, 
5 and 

withdrawing processed matter from said 
second particulate material. 

14. A method according to claim 12 or claim 13 
characterised by varying the velocity of the fluid 

w in the axial direction of the processing region 
(14; 104) to generate the swiriing flow of fluid 
and to cause the formation of the compact turbu- 
lent band and its circulation about an axis of the 
processing region. 

75 15. A method according to claim 14 charac- 
terised by using an annular processing chamber 
(14; 104) to define the processing region and 
which is formed with a waist (38; 122) in a 
radially inner wall thereof for varying the velocity 

20 of the fluid flow therein. 

16. A method according to claim 15 charac- 
terised by arranging said processing chamber 
(14; 104) with its axis generally vertical, and 
causing said swiriing flow of fluid to pass 

25 generally vertically through said processing 
chamber. 

17. A method according to any of claims 12 to 
16 characterised by generating an exhaust flow 
of the fluid and entraining the processed matter 

30 in the exhaust flow for withdrawing the pro- 
cessed matter from the processing region (14; 
104). 

Patentansprilche 

35 

1. Vorrlchtung zur Behandlung von teilchenfSr- 
migem Stoff, wobei die erwahnte Vorrichtung: 

eine Abgrenzungseinrichtung (10, 12; 100, 102) 
zum Abgrenzen eines im wesentlichen ringformi- 
40 gen Behandlungsbereichs (14; 104) fur die Auf- 
nahme des erw^hnten Stoffes, 
eine Einrichtung (16; 106) fur die Einfuhrung 
' eines Fluidstroms in und seine Hindurchfuhrung 
durch den Behandlungsbereich (14; 104), 
45 eine Lenkeinrichtung (30; 110), die dazu dient, 
den Fluidstrom im ailgemeinen In Umfangsrich- 
tung des Behandlungsbereichs (14; 104) zu len- 
l<en, und 

Einrichtungen (46, 40; 124, 112) fur die Zufuh- 
50 rung von teilchenfdrmigem Stoff, der zu behan- 
dein ist, zu dem Behandlungsbereich, und fur 
den Austritt von behandeltem Stoff aus dem 
Behandlungsbereich (14; 104) 
aufweist, dadurch gelcennzeichnet, daf^ die er- 
55 wahnte Abgrenzungseinrichtung (10, 12; 110, 
102) so gestaltet ist, daB der teilchenformige 
Stoff bei der Anwendung innerhalb des Behand- 
lungsbereichs (14; 104) als Reaktion auf den 
darin befindlichen Fluidstrom im wesentlichen in 
60 einem dichten, turbulenten Band gehalten wird. 

2. Vorrichtung nach Anspruch 1, gekennzeich- 
net durch eine Konstruktion (10, 12; 100, 102), 
die den Behandlungsbereich enthalt und eine 
radial auSere Wand (34) und eine radial innere 

65 Wand (36) bereitstellt und dazwischen eine im 
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wesentlichen ringfSrmige Behandlungskammer 
(14; 104) abgrenzt. 

3. Vorrlchtung nach Anspruch 1, dadurch ge- 
kennzeichnet, daB sich die Behandlungskammer 
(14; 104) radial nach innen in einer Richtung, die 
von der Lenkeinrichtung (30; 110) weg weist, 
erweitert. 

4. Vorrichtung nach Anspruch 2 oder Anspruch 
3, dadurch gekennzeichnet, daS die radial innere 
Wand (36) mit einer Einschnurung (38; 122) aus- 
gebildet ist. 

5. Vorrichtung nach Anspruch 4, dadurch ge- 
kennzeichnet, daS die radial innere Wand (36) 
zwei kegelstumpfformige Abschnitte aufwelst, die 
in Bezug aufeinander umgekehrt sind, um die 
Einschnurung (38; 122) abzugrenzen. 

6. Vorrichtung nach einem der Anspruche 2 bis 
5, dadurch gekennzeichnet, daB die radial auSere 
Wand (34) zum Boden der Behandlungskammer 
(14; 104) im wesentlichen senkrecht steht. 

7. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, dalS die 
Lenkeinrichtung eine Vielzahl von sich strahlen- 
formig nach auSen ausbreitenden, geneigten La- 
mellen (30; 110) aufweist, die um den Boden des 
Behandlungsbereichs (14; 104) herum ange- 
ordnet sind. 

8. Vorrichtung nach Anspruch 7, dadurch ge- 
kennzeichnet, da& die Lamellen (30; 110) so ange- 
ordnet sind, daB sie sich Oberdecken. 

9. Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daS die Ein- 
richtung fiir die Zufuhrung von Stoff zu dem 
Behandlungsbereich eine ringformige EinlaSoff- 
nung (124) aufweist. 

10. Vorrichtung nach Anspruch 9, wenn er auf 
Anspruch 4 zuruckbezogen ist, dadurch gekenn- 
zeichnet, daS sich die ringformige EinlaBoffnung 
in der radial inneren Wand bei der EinschnOrung 
(122) befindet. 

11. Vorrichtung nach einem der vorhergehen- 
den Anspruche, dadurch gekennzeichnet, daS die 
Einrichtung fur ein Austritt von behandeltem Stoff 
aus dem Behandlungsbereich (14; 104) eine ring- 
farmlge AuslaBoffnung (40; 112) bei einem obe- 
ren Ende des Behandlungsbereichs (14; 104) auf- 
weist. 

12. Verfahren zur Behandlung von teilchenfar- 
migem Stoff, bei dem: 

innerhalb eines Behandlungsbereichs (14; 104) 
ein in Umfangsrichtung gerichteter Fluidstrom 
erzeugt wird, 

in den Behandlungsbereich zu behandelnder 
teilchenformiger Stoff eingefuhrt wird, 

der teilchenformige Stoff innerhalb des Fluid- 
stroms behandelt wird und 

behandelter Stoff aus dem Behandlungsbereich 
entnommen wird, 

dadurch gekennzeichnet, daB der Fluidstrom 
innerhalb des Behandlungsbereichs wirbein ge- 
lassen und der wirbelnde Fluidstrom verwendet 
wird, um zu bewirken, daS der teilchenformige 
Stoff die Gestalt eines dichten, turbulenten Ban- 
des annimmt und um eine Achse des Behand- 
lungsbereichs herum zirkullert 


13. Verfahren nach Anspruch 12, dadurch ge- 
kennzeichnet, daB: 

innerhalb des erwShnten Behandlungsbereichs 
eine zweite teilchenformige Substanz bereitge- 
5 stellt wird, 

der erwahnte Fluidstrom verwendet wird, um 
zu bewirken, daB die zweite teilchenformige Sub- 
stanz die Gestalt eines dichten, turbulenten Ban- 
des annimmt und um eine Achse des Behand- 
1Q lungsbereichs herum zirkullert, 

der zuerst erwahnte teilchenformige Stoff, der 
zu behandein ist, in die erwahnte zweite teilchen- 
formige Substanz eingefuhrt wird, 

der zuerst envShnte teilchenformige Stoff in- 
75 nerhalb der erwahnten zweiten tellchenformigen 
Substanz behandelt wird und 

behandelter Stoff aus der erw3hnter zweiten 
tellchenformigen Substanz entnommen wird. 

14. Verfahren nach Anspruch 12 oder Anspruch 
20 13, dadurch gekennzeichnet, daB die Geschwin- 

dlgkeit des Fluids in der axialen Richtung des 
Behandlungsbereichs (14; 104) verandert wird, 
um den wirbelnden Fluidstrom zu erzeugen und 
die Bildung des dichten, turbulenten Bandes und 
25 seine Zirkulation um eine Achse des Behand- 
lungsbereichs zu bewirken. 

15. Verfahren nach Anspruch 14, dadurch ge- 
kennzeichnet, daB zum Abgrenzen des Behand- 
lungsbereichs eine ringformige Behandlungs- 

3a kammer (14; 104) venArendet wird, die in einer 
radial inneren Wand davon mIt einer Einschnu- 
rung (38; 122) fOr die Verinderung der Geschwin- 
digkelt des darin befindlichen Fluidstroms ausge- 
bildet ist. 

35 16. Verfahren nach Anspruch 15, dadurch ge- 
kennzeichnet, daB die erwahnte Behandlungs- 
kammer (14; 104) so angeordnet wird, daB ihre 
Achse im allgemeinen senkrecht steht, und der 
erwahnte wirbelnde Fluidstrom im allgemeinen 

40 senkrecht durch die erwahnte Behandlungskam- 
mer hindurchstromen gelassen wird. 

17. Verfahren nach einem der Anspruche 12 bis 
16, dadurch gekennzeichnet, daB ein ausstromen- 
der Strom des Fluids erzeugt und der behandelte 

45 Stoff in dem ausstromenden Strom mitgerissen 
wird, um den behandelten Stoff aus dem Behand- 
lungsbereich (14; 104) zu entnehmen. 

Revendlcations 

so 

1. Appareil pour tralter une substance particu- 
laire, ledit appareil comprenant: 

— des moyens (10, 12; iOO, 102) definissant une 
55 zone sensiblement annulaire de traitement (14; 

104) destinee d recevoir ladite substance; 

— des moyens (16; 106) pour introduire un cou- 
rant de fluide dans et a travers la zone de 
traitement (14; 104); 

50 — des moyens (30; 110) pour diriger le courantde 
fluide dans la direction generale circonferen- 
tielle de la zone de traitement (14; 104), et 

— des moyens (46, 40; 124, 112) pour admettre la 
substance particulaire h traiter dans la zone de 

55 traitement et pour ^vacuer la substance traitee 
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hors de la zone ds traftement (14; 104); 

caracterls6 en ce que lesdits moyens de defini- 
tion {10, 12; 110, 102) ont une configuration ieur 
.permettant de maintenir la substance particulaire 
essentlellement sous la forme d'une bande turbu- 
lente compacte a Tinterieur de la zone de traite- 
ment (14, 104) en reponse d I'ecoulement du 
courant de fluide traversant cette derni^re, en 
service. 

2- Appareil selon fa revendrcation 1, caracterisd 
par une structure (10, 12; 100, 102) contenant la 
zone de traitement et comportant une parol (34) 
radiaiement ext^neure et une paroi (36) radiate- 
ment int^rieure, definissant entre elles une cham- 
bre sensiblement annulaire de traitement (14; 
104). 

3. Appareil selon la revendication 2, caract6ris6 
en ce que la chambre de traitement {14, 104) se 
prolonge radiaiement vers I'interieur dans une 
direction opposee aux moyens directifs (30; 110). 

4. Appareil selon la revendication 2 ou la reven- 
dication 3, caractens§ en ce que la parol (36) 
radiaiement Interieure est munie d'un ^angle- 
ment (38; 122). 

5. Appareil selon la revendication 4, caracterise 
en ce que la paroi (36) radiaiement interieure 
comprend deux sections tronconiques qui sont 
inversees Tune par rapport d I'autre de maniere a 
definir I'etranglement (38, 122). 

6. Appareil selon i'une quelconque des revendi- 
catlons 2 a 5, caract^rls^ en ce que la parol (34) 
radiaiement extSrieure est sensiblement perpen- 
dicutaire i la base de la chambre de traitement 
(14; 104). 

7. Appareil selon i'une quelconque des revendl- 
cations precedentes, caracterise en ce que les 
moyens directifs comprennent plusieurs palettes 
inclinees (30; 110) rayonnant vers I'exterieur et 
disposees autour de la base de la zone de traite- 
ment (14; 104). 

8. Appareil selon la revendication 7, caracterise 
en ce que les palettes (30; 110) sont disposees de 
mantdre k se chevaucher. 

9. Appareil selon I'une quelconque des revendi- 
catlons precedentes, caract6rfs6 en ce que les 
moyens d'admission de la substance dans la zone 
de traitement comprennent une ouverture annu- 
taire d'admission (124). 

10. Appareil selon la revendication 9 quand elle 
est dependante de la revendication 4, caract6rls§ 
en ce que Touverture annulaire d'admission est 
situde dans la paroi radiaiement Interieure, au 
niveau de Tetranglement (122). 

11. Appareil selon I'une quelconque des reven- 
dications precedentes, caracterise en ce que les 
moyens pour evacuer la substance traitee hors de 
la zone de traitement (14; 104) comprennent une 
ouverture annulaire de sortie (40; 112) situee a 
une extremite superieure de la zone de traitement 
(14, 104), 

12. Precede pour traiter une substance particu- 
laire, consistent a: 


— ervgendrer un courant de fluide dirige circonfe- 
renttellement dans une zone de traitement (14; 
104); 

— introduire la substance particulaire h traiter 
5 dans la zone de traitement; 

— traiter la substance particulaire h Tinterieur du 
courant de fluide; 

— extraire la substance particulaire de la zone de 
traitement; et 

10 

caracterise en ce que i'on provoque un tourbll- 
lonnement du courant de fluide h I'interieur de la 
zone de traitement et Ton utilise le courant tour- 
billonnaire de fluide pour forcer la substance 
15 particulaire e prendre la forme d'une bande turbu- 
lente compacte et h circuler autour d'un axe de !a 
zone de traitement 

13. Procede selon la revendication 12, caracte- 
rise par: 

20 

— I'introduction d'une seconde matiere particu- 
laire h i'interieur de ladite zone de traitement; 

— rutilisation dudit courant de fluide pour forcer 
la seconde mati^re particulaire k prendre la 

25 forme d'une bande turbulente compacte et a 
circuler autour d'un axe de la zone de traite- 
ment; 

— I'introduction de la substance particulaire k 
traiter, mentionnee en premier lieu, dans ladite 

30 seconde matiere particulaire; 

— le traitement de ladite substance particulaire 
mentionnee en premier lieu, k Tinterleur de 
ladite seconde matiere particulaire, et 

— I'extraction de la substance traitee hors de 
35 ladite seconde matidre particulaire. 

14. Procede selon la revendication 12 ou la 
revendication 13, caracterise en ce que Ton fait 
verier la vitesse du fluide dans la direction axiale 

40 de la zone de traitement (14; 104) pour engendrer 
I'ecoulement tourbillonnaire du fluide et pro- 
voquer la formation de la bande turbulente com- 
pacte et sa circulation autour d'un axe de la zone 
de traitement 

45 15. Precede selon la revendication 14, caracte- 
rise en ce que I'on utilise, pour definir la zone de 
traitement, une chambre annulaire de traitement 
(14; 104) dans une paroi radiaiement interieure de 
laquelle se trouve forme un etranglement (38; 

so 102) servant k faire verier la vitesse du courant de 
fluide k I'interieur de la chambre. 

16. Precede selon la revendication 15, caracte- 
rise en ce que Ton oriente ladite chambre de 
traitement (14; 104) de telle maniere que son axe 

55 solt sensiblement vertical et on force ledit courant 
tourbillonnaire de fluide k traverser dans une 
direction sensiblement verticale ladite chambre 
de traitement 

17. Procede selon I'une quelconque des reven- 
60 dications 12 k 16, caracterise en ce que Ton 

engendre un courant I'evacuation du fluide et on 
entratne de la substance traitee dans le courant 
d'evacuation pour extraire la substance traitee 
hors de la zone de traitement (14; 104). 
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